Introduction
Until now only very few alkyne(pentacarbonyl) complexes have been isolated having terminal alkyne ligands. Only one complex, [(CO) 5 W(HC Å/CPh)], has been characterized by an X-ray structural analysis [1] . However, such complexes can easily be generated and subsequently be used for a series of transformations. In solutions these complexes are present in a rapid equilibrium with their vinylidene tautomer. The equilibrium is far to the side of the alkyne form. Usually it is not possible to detect the vinylidene tautomer by spectroscopic means. Theoretical studies indicate that the alkyne/vinylidene isomerization proceeds in these d 6 complexes by an intramolecular process [2] .
These complexes readily react for example (a) with alcohols to give carbene complexes [3] , with (b) ynamines to form cyclobutenylidene complexes [1, 4] , and (c) with imines and carbodimides to form 2-azetidinylidene complexes [5, 6] (Scheme 1).
[(CO) 5 W(HC Å/CR)] can also be used as a pre-catalyst for the polymerization of terminal alkynes in hydrocarbon solutions. The polymerization of acetylene, HC Å/ CH, requires irradiation of the solutions to only initiate the reaction whereas for terminal alkynes continued irradiation is necessary [7] . The reaction of [(CO) 5 Cr(Et 2 O)] with a stoichiometric amount of HC Å/ C Á/COOMe, however, afforded in addition to the alkyne complex [(CO) 5 Cr(HC Å/C Á/COOMe)] two products derived from addition of the alkyne to the vinylidene complex tautomer, a cyclobutenylidene complex and a vinylvinylidene complex [8] .
All of these reactions are best explained by assuming that the vinylidene tautomer is trapped by the substrate. We now report on reactions that proceed by addition of the substrate to the alkyne tautomer.
Results and discussion
The starting alkyne complexes were generated from the corresponding hexacarbonyl compounds. Irradiation of solutions of [M(CO) 6 ] in CH 2 Cl 2 at (/78 8C afforded, through loss of one CO ligand, the pentacarbonyl complexes [(CO) 5 M(CH 2 Cl 2 )]. Their formation could easily be followed by the changes of the n (CO) absorptions in the IR spectra. Subsequent addition of two equivalents (relative to [M(CO) 6 ]) of terminal alkynes at (/40 8C produced alkyne complexes generally in good yield. The formation of the alkyne complexes was verified by IR spectroscopy. Most of these complexes are thermally labile and readily decompose at room temperature. Therefore, they were not isolated but immediately used for the subsequent reactions after the volume of the solutions had been reduced in vacuo to a few milliliters. Two to three equivalents of diazoalkane, R 1 (R 2 )C Á/N 2 , were added at (/40 8C to the concentrated solutions. The reactions proceeded quickly and were complete within a few minutes. Chromatographic workup of the reaction mixture afforded the 3H -pyrazole complexes 1Á/6 (Scheme 2) in yields ranging from 56 to 74%.
The reaction of [(CO) 5 Mo(CH 2 Cl 2 )] with HC Å/C Á/ COOMe and Et 2 C Á/N 2 proceeded similarly, however, the resulting complex was very unstable. Therefore, it was not possible to isolate it in a pure form.
The compounds 1 Á/6 are readily soluble in polar solvents such as dichloromethane or diethyl ether, but only poorly soluble in non-polar solvents. The complexes were characterized by their IR, 1 H-NMR, and 13 C-NMR spectra. The structure of 3 and 5 was additionally established by X-ray structural analyses.
The results of the X-ray analysis of 3 ( Fig. 1 , Table 1 ) shows that a 3H -pyrazole complex has been formed. The five-membered ring is bonded to chromium via the nitrogen atom adjacent to the sp 3 carbon atom. The pyrazole ring is planar. To avoid steric congestion, the ring is staggered with respect to the cis carbonyl ligands Table 1 Selected bond lengths (Å ), bond and torsion angles (8) of complex 3
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longer and are observed in the range 2.19 Á/ 2.25 Å [12] . The N(1) Á/N(2) distance (1.272(2) Å ) agrees very well the N(sp 2 )Ä/N(sp 2 ) bond length in (CO) 5 Cr-coordinated 4-methyl-1,2,3-selenadiazole (1.272(1) Å [11] ) and in 6-chloro 9,9-dimethyl 9H-imidazo(1,2-b)pyrazolo (4,3-d) pyridazine (1.265(8) Å [13] ), but is significantly shorter than the N(sp 2 )Á/N(sp 2 ) bond in [(CO) 5 Cr(4-methyl-1,2,4-triazole)] (1.380(3) Å [9] ). Bond lengths and angles in 5 deviate only sightly from those in 3. Therefore, they are not discussed here.
The X-ray structural analyses of 3 and 5 and the spectroscopic data of 1Á/6 confirm that the new heterocyclic ligand is derived from the alkyne tautomer. From addition of diazoalkane to the vinylidene tautomer (as has been observed in all reactions with nucleophiles summarized in Scheme 1) the formation of isomeric 2-dihydropyrazolylidene complexes was to be expected. However, there is no spectroscopic indication for the formation of 2-dihydropyrazolylidene complexes. In accord with the conclusion is the observation that disubstituted pentacarbonyl(vinylidene) complexes did not react with diazoalkanes to give 2-dihydropyrazolylidene complexes. When solutions of [(CO) 5 MÄ/C Ä/ C(CMe 3 )R] (M 0/Cr, W; R 0/Me, Et) were treated with phenyl diazomethane, phenyl diazoethane, diphenyl diazomethane, 4-methoxyphenyl diazomethane, or diazopentane using the same reaction conditions as previously applied (Scheme 2), after three hours the vinylidene complex was recovered unchanged. In addition, small amounts of its decomposition product, [M(CO) 6 ], and products derived from the thermal decomposition of the diazoalkane were isolated. 2-Dihydropyrazolylidene complexes could not be detected.
The formation of 3H -pyrazole complexes can be explained by two pathways (Scheme 3): a) addition of the diazo compound to the coordinated alkyne followed by rearrangement or b) displacement of the coordinated alkyne by the solvent, 1,3-dipolar cycloaddition of the diazo compound to the non-coordinated alkyne to give the 3H-pyrazole followed by displacement of the coordinated solvent by 3H-pyrazole.
To distinguish between these two likely mechanisms several experiments with the system [(CO) 5 COOMe by nucleophiles, however, was considerably slower than the rate of formation of 3H-pyrazole complexes. P(C 6 H 4 Me-p ) 3 (as a typical nucleophile) reacted only very slowly with [(CO) 5 Cr(HC Å/C Á/ COOMe)]. From the reaction mixture only small amounts of stable [(CO) 5 Cr(P(C 6 H 4 Me-p ) 3 )] were isolated. The major products were [Cr(CO) 6 ] and several organic products presumably derived from nucleophilic addition of P(C 6 H 4 Me-p ) 3 to the coordinated alkyne and subsequent decomposition of the adduct.
From the significantly slower rate of step b 1 compared to the overall reactions of Scheme 2 it follows that path b can be excluded and that the 3H-pyrazole complexes are formed within the coordination sphere of the metal.
An alternative route involves reaction of excess alkyne with excess diazoalkane to form the 3H -pyrazole followed by displacement of coordinated alkyne by the 3H -pyrazole. This route, at least as the major pathway, is unlikely since displacement of coordinated alkynes by 3H -pyrazoles is considerably slower than the overall reaction (Scheme 2). Nevertheless, the formation of small amounts of the 3H -pyrazole complexes by this route cannot completely be excluded.
The rate of addition of diazoalkanes to the alkyne of the complexes [(CO) 5 M(HC Å/C Á/R)] depended on the substituent R. When HC Å/C Á/COOMe was replaced by aryl-substituted alkynes the stability and also the reactivity towards nucleophiles decreased. When HC Å/ CPh was employed the displacement of the alkyne by nucleophiles already competed with 3H-pyrazole formation. Therefore, from the slow reaction of [(CO) 5 Cr(HC Å/C Á/Ph)] with Et 2 C Á/N 2 three compounds were isolated (Scheme 4); the pyrazole complex 7, small Scheme 3. amounts of an azine complex (8) , and the hydrazone complex (9) .
The complexes 8 and 9 are formed by substitution of tetraethyl azine and 3-pentanone hydrazone, respectively, for coordinated phenylethyne. 3-Pentanone hydazone is an intermediate in the synthesis of 3-diazopentane from 3-pentanone, hydrazone, and HgO. Due to the modest stability of 3-diazopentane its purification is difficult and, therefore, it is usually accompanied by its precursor 3-pentanone hydrazone. Tetraethyl azine in turn is a well-known by-product in the synthesis of 3-diazopentane by oxidation of 3-pentanone hydrazone with HgO [14] .
In contrast to the reaction of [(CO) 5 Cr(HC Å/C Á/Ph)] with Et 2 C Á/N 2 that of [(CO) 5 Cr(HC Å/C Á/C(O)Ph)] was fast. However, the resulting 3H -pyrazole complex 10 (Scheme 5) turned out to be too unstable for isolation. It quickly decomposed in solution even at (/30 8C predominantly by decomplexation of the 3H -pyrazole. The major product isolated from the reaction mixture by column chromatography was a green oil. From the molecular peak in its mass spectrum a combined mass of that of the 3H -pyrazole and that of 3-pentanone hydrazone could be deduced. Based on these spectroscopic data we assign the structure shown in Scheme 5 to compound 11. It is presumably formed by addition of 3-pentanone hydrazone present in solution as a by-product from the synthesis of 3-diazopentane to the 3H-pyrazole.
Decomplexation of the 3H -pyrazole in 1Á/6 could be achieved by addition of nucleophiles. For instance addition of [NBu 4 ]Br to solutions of 3 in CH 2 Cl 2 and stirring the solutions for 48 h at ambient temperature afforded the 3H-pyrazole after purification in 66% yield.
In summary, the reactions of the equilibrium alkyne(pentacarbonyl) complex/pentacarbonyl(vinylidene) complex strongly depends on the type of substrate. Whereas imines, ynamines, and alcohols preferentially react quickly with the vinylidene complex tautomer in the equilibrium, the products (3H -pyrazole complexes) of the reactions with diazoalkanes as typical 1,3-dipoles are derived from the alkyne complex tautomer.
Experimental

General
All operations were carried out under either nitrogen or argon by using conventional Schlenk techniques. Solvents were dried by refluxing over sodium Á/benzophenone ketyl (THF, diethyl ether) or CaH 2 (pentane, dichloromethane) and were freshly distilled prior to use. The silica gel used for chromatography (J.T. Baker, silica gel for flash chromatography) was argon saturated. The yields refer to analytically pure compounds and were not optimized. 2-Acetone hydrazone [15] , 2-diazopropane [16] , 3-diazopentane [17] , 1-phenyl diazoethane [18] , bis-(p-dimethylaminophenyl) diazo- methane [19] and benzoylacetylene [20] were prepared according to the literature procedures. Metal hexacarbonyls (Aldrich) and HgO, yellow (ACROS), and all other chemicals (Merck) were commercial products and were used without further purification. IR: FT-IR spectrophotometer (FTS70), Bio-Rad. All IR measurements were carried out at 298 K. 1 H-and 13 C-NMR spectra were recorded at room temperature on a Bruker AC 250. Chemical shifts are reported in ppm relative to internal TMS. For the numbering scheme see Fig. 1 . MS: Finnigan MAT 312 (EI). Elemental analysis: CHNanalyser (CHN-O-RAPID) Heraeus. Photolysis reactions were carried out in a duran glass apparatus using a mercury high pressure lamp (TQ 150, Fa. Heraeus). 6 ]), in ca. 300 ml of dichloromethane was irradiated with a UV lamp while stirring. The progress of the photolysis was followed by IR-spectroscopy. After ca. 90 min the metal hexacarbonyls were converted into pentacarbonyl(dichloromethane)metal complexes. Two equivalents (based on the metal hexacarbonyls used) of the corresponding alkyne (RC Å/CH; R 0/COOMe, Ph, p -tolyl, C(O)Ph) were added at (/78 8C with stirring to the freshly prepared solution of the [(CO) 5 M(CH 2 Cl 2 )] complexes. Stirring was continued for 10 min. The temperature was allowed to rise gradually from (/78 to (/30 8C. The solution was concentrated at (/30 8C to a volume of ca. 10 ml. The [1, 5, 6] . The solutions containing the h 2 -alkyne(pentacarbonyl)metal complexes were immediately used for the subsequent reactions.
General procedure for the generation of the
Reaction of h 2 -alkyne(pentacarbonyl)metal complexes with diazo compounds
At (/30 8C, the diazo compound (two equivalents, relative to [M(CO) 6 ]) was added to the concentrated solutions of the alkyne complexes. The progress of the reaction was monitored by IR spectroscopy. When the starting alkyne complexes could not be detected any more, the solvent was removed in vacuo. A brown oily product was obtained. Then, the reaction products were chromatographed at (/50 8C on silica gel or neutral Al 2 O 3 . Elution with pentane gave first [M(CO) 6 ] and subsequently with pentane/dichloromethane a red band containing 3H-pyrazole complexes. 
Reaction of h
2 -pentacarbonyl(phenylethyne)-chromium with 3-diazopentane: pentacarbonyl(3,3-diethyl-5-phenyl-3H -pyrazole-N2)chromium(0) (7), pentacarbonyl(tetraethyl azine)chromium(0) (8) , and pentacarbonyl(diethyl ketonehydrazone)chromium(0) (9) At (/30 8C, two equivalents of 3-diazopentane (relative to [Cr(CO) 6 ]) was added to the concentrated solutions of [(CO) 5 Cr(HC Å/C Á/Ph)]. The progress of the reaction was monitored by IR spectroscopy. After ca. 45 min, the solvent was removed in vacuo and the residue was chromatographed at (/50 8C on silica gel. Elution with pentane gave first [Cr(CO) 6 ] and then with pentane'/CH 2 Cl 2 (9:1) a red band containing the 3H -pyrazole complexes (7) . Next, with pentane'/CH 2 Cl 2 (7:3) a violet Á/green band was eluted containing the hydrazone complex 8. Finally, the azine complex 9 was eluted with pentane'/CH 2 The compound 3,3-diethyl-5-methoxycarbonyl-3H -pyrazole was independently prepared from 2.0 g (24 mmol) of methyl propynoate in 5 ml of CH 2 Cl 2 and one equivalent of 3-diazopentane in 15 ml of diethyl ether. After mixing the solutions at (/30 8C, the red color of 3-diazopentane disappeared within 1 min. The reaction mixture was warmed to r.t. The solvent was removed in vacuo and the residue was recrystallized from diethyl ether. Yield: 3.42 g (79%). M.p. 95 8C. IR (pentane, 298 K): n (CO) 0/1758m. 1 H-NMR (CDCl 3 ): d0/7.65 (s, 1H, CH), 4.00 (s, 3H, OCH 3 ), 2.14 (m, 4H, CH 2 ), 0.68 (t, 6H, CCH 3 ). 13 
